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PREFACE

It has been the practice of the various government agencies involved in metal matrix
composite materials (MMC) to have their appropriate representatives meet together
periodically to discuss the nature and progress of the MMC work that is being carried on.

Such a forum for discussion was held on 5-6 October 1989. It was hosted by the
Institute for Defense Analyses (IDA), Alexandria, VA. The agenda for this particular
meeting was designed to cover two generic areas related to current aspects of metal matrix
composites efforts. These are: (1) Agency Programs and Funding; (2) Systems
Transitions/Applications. The agency programs and funding information, which was
presented on the first day (5 October 1989) of the meeting, is summarized in Section A of
this document by the inclusion of copies of various self-explanatory viewgraphs shown by
the speakers. The data given (6 October 1989) on the topic, Systems Transitions/
Applications, are also summarized in a like manner in Section B herein. Section C contains
a listing of the conclusions arrived at and various action items to be appropriately addressed
prior to a next meeting of this committee. An Annex covers Focal Area 2 and Focal Area 5
Metal Matrix Composite Developments.

It should be noted that in the interests of timely distribution of this summary no
effort has been made to check further with the meeting presenters on the overall accuracy of
the aforementioned data. The editors of this document have summarized what they felt to
be the most salient parts of the information presented, and have done so primarily by
including those copies of the viewgraphs used by the various speakers which reflect this
information.
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METAL MATRIX COMPOSITES*




SECTION A

AGENCY PROGRAMS AND FUNDING FOR
METAL MATRIX COMPOSITES*

ENCLOSURES 1-8
1. Amy
Navy
DARPA
USAF
SDIO
NASP
NASA
DoD/AF Title I

?O\IO\UI-QUJN

»*

Note: The purpose of this agenda item was to document programmatics and funding (i.e., 6.1, 6.2,
6.3A, and MANTECH 7.8) rather than technical detail. New opportunities and initiatives such as fiber
developments, intelligent processing, etc., were also intended to be discussed.
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ENCLOSURE 1

U.S. ARMY MMC PROGRAMS AND FUNDING

NOTE: The attached copies of viewgraphs on this subject were presented at the
meeting by A. Levitt (USAMTL) and J. Dignam (USAMTL).
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ENCLOSURE 2

U.S. NAVY MMC PROGRAMS AND FUNDING

Source: Material presented by S. Fishman (ONR) and John Foltz (NSWC).
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ONR METAL MATRIX COMPOSITES
CONTRACT RESEARCH PROGRAM
S.G. FISHMAN, PROGRAM MANAGER

CONTRACTOR TITLE FY90 FY91
FUNDS FUNDS

U. MARYLAND, ARSENAULT COMPOSITE STRENGTHENING 85000 85000

UCSB, TONY EVANS METAL/CERAMICINTERFACES 210000 210000

BROWN U., S. NUTT STRUCTURE OF INTERFACES 90000 90000

NBS, JOHN CAHN INTERFACE KINETICS 100000 100000

NSWC, DAVE DIVECHA HI PRESSURE CASTING OF 50000 50000
MMC

SoWRI, D. DAVIDSON FRACTURE/FATIGUE 100000 100000

CORNELL, SASS INTERFACE STRUCT/ 200000 100000
ARCHITECTURE

DREXEL U., KOCZAK INTERFACIAL RXN 90000 90000
KINETICS

MML, M. NATAN INTERFACIAL REACTIONS 100000 100000

MIT, R. LATANISION THEORY-ASSIST. 75000 75000
INTERF. SYNT.

MIT, ARGON INTERFACE PROPERTY 100600 100000
EVAL.

MIT, MORTENSEN MMC MATRIX METALLURGY 41000 100000

U. TEXAS, MARCUS DES. OF MMC INTERFACES 127000 130000

NADC, W. FRAZIER INTERFACE THERMAL 25000 25000
CYCLING

1,393,000 1,215,000
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ENCLOSURE 3

DARPA MMC PROGRAMS AND FUNDING

Source: Material presented by Ben Wilcox, DARPA
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ENCLOSURE 4

U.S. AIR FORCE MMC PROGRAMS AND FUNDING

Source: A. Rosenstein (AFOSR/NE), William Koop (WRDC),
A. Gunderson (WRDC)*, V. Johnson (WRDC)

*  Additional WRDC material on MMC development is provided in the Annex (see p. 195).
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ENCLOSURE 5§

SDIO MMC PROGRANMS AND FUNDING

Source: S. Fishman (ONR)
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ENCLOSURE 6

NASP MMC PROGRAMS AND FUNDING

Source: F. Boensci:;, AFSC
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ENCLOSURE 7

NASA MMC PROGRAMS AND FUNDING

Source: William Brewer, NASA Langley, H. Gray, NASA Lewis

71




S0LE
ove

0502
Gt
0S
0§

SY
002~

08
0tT

r744
00s

06Ad

611
06
SL
0ST
0ST
86
00S

684

0062~

00§

88kd

005~

ML BN

(S¥3814 ‘WIN
M) BN

J1V1S OIHO
NN3L N
J1V1S NN3d

« YaIdoid °'n
aas

WIVd "M - M3d
VL1ITUVH NILYVH
39

NVOIHIIW N
NO¥LX3L

NO¥1X31

ANNS

31V1S NN3d

OILVZINYD

AYVHHAS ONIOGNN4

S, OHI

404 SONILVOD - HJUVISIY ISNOH-NI
rg-g1-11/91s ‘EayaN ‘vExr/ors ‘vad)
s,IWI - HJYVISIY ISNOH-NI

SNOILOVIY (V34 IWIN) XIULVH/Y¥38Id
EqyaN NI SWSINVHIIW NOILVWYHO043Q

TIN NI ALITILONG QIAOYdHI

EvyaN NI

SNOILVI3Y AL¥3IJOY¥d-IUNLINYLS

' {

s¥3aI4 %g¥) 10 OAd

€iyr1 G3SS3II0Nd - OX

SINIWIYNSYIW SSIHLS TVNOISIY

INI 40 SISIHINAS NOILOVIY DIWYIHLOXI
91§ NO ONILVOD NOISN44IG/LINVITdWOD
(LTag%ay) y38Xd 312 HOIM

(%g11) ¥34I4 GAD SNONNIINOD
SIIVAUIINI ‘'SIINVHIIN

I1IS0dW0D ‘SHIEIS - JWILIH

SILISOdWOD XIYLVW IITIVIIWYILNI GNV TVIINW

19JUSD) YO1NOSOY SIMOT]

VSVN

NOISIAIGQ STVIHILVYIN

IVNOII 90 ADOIONNINI POWEON

€/

d

3

P o000 ® ® e =

72




90vy 628y viLe

065T  6S0T  OI2
IWE S8y VIS 06v  $IE 09
oL ov 0ST  ---  -e- e
192 Sy ¥9E  ObE  v9Z 09
- 02 === 0sT 00T  ---
09€ €95 - 09 009 S69  OSI
00  00€  00E 009 00Z - 00T
09 €9 09 mem s -
S T Y T+

06 ©8Ad 88kJ 78Ad 98Ad  SBAJ

¥

"1

S3ATYVIVS °S "D JONTINI 10N S300 HIYVISIY ISNOH-NI

NI
XVHY

ANAGLANI0Y

1
SvxaL 'n
INAQVLIW

NOTIVZINVHYO0

SILISOJHOD XI¥IVW TVIIW

(SAQTIVYIINS/M ‘NI/M)
H)YVISIY ISNOH-NI
INIWd013A30 JYUIM I4H-3Y-M
1N3IWd013A30

30Y19 IWSS AOTIVHIANS/M

SNOIIVIT1ddV NOISTINd0d¥d 3IvdS

(ND/¥9 ‘uZT-4N/M)

HJYV3S3Y ISNOH-NI

JYIM M NO Y3IIHYVYE NOISN44Ia
ANIHd0T3A3A FYIM D4H-OH

01UBY Y2189I0Y MO

VSV

NOISIAIQ STTVIHILYIN

FIVNO1 D00 ADO ONND DI PIWEOND

iy |

L o ® o ® o o o ® ® ®

73




68/01 9aM

HIINIO HOHV3S3H ATTONVT

DN “1v GIJHOANIIH JLIHAVHD -
S3HNLONYLS NOISIOIHd ¢

A0VdS

X S3AIT1AH3g -
TV 1L ‘1L G3OHOANIZH ATSNONNILNOD -

SIHNLIONHLS FHUNLVHIAWIL HOIH @

AV @30HOANITH ATSNONNILNODSIA -
S3HNLONHILS FHNLVHI4dINGL JLVIGINHIALINI ¢

SOILAVNOHIY

H431N30 HOHVY3S3H AFTONY™
HOHV3S3H S3LISOdINOD XIHLVIN TV.LIN

74




68/01 4OM H3INFO HOHV3IS3IH ATIONV]

SIHNLONHULS IOVdS ‘ALO ‘S1S ‘AVL ‘dSVN ‘SOINOSHIdAH OIHINID ‘HSH

SIAHNLONHLS A3AVOT ATLHOIT o
SIVIHILYIN LHOIIMLHDIT o

S3IOVO NIHL o

SISVHAINT AITONV

S3HNLONYLS 30VdS ANV JWVHAAHIV HOd
S3LISOdINOD XIHLVIN TVL13IN AJONVAQV

75




° ® PY ® ° ® ° ° °
68/01 9AM HIINID HOHV3S3H AFTONV)
L ] JLIVA1EM ax
_ — OWN-ND-TV “TV ax

oSt 0S1 092 n$
16 ! 06 LY LT LY

31IMva13m ax 40 S31LHIdoHd ‘ALigisvad -
ALAVATIM o

SSINHONOL ANV HIDNIHLS NO S1034d43 INaIWLV3IHL LV3H
‘NOILYWHOZ3a XIHLVIN ‘NOILOVHA INNTOA ‘3ZIS INIJWIOHOANIIY -

OW-NO-TV “Tv/ qiL o

(sav1 IHOWILIVE ‘V11IIHVW NILHVIN)

SAOTIV aX a3svd-1v Ni 3HNLOVHd ANV
ONINTFHLONIHLS NOISH3dSIA 40 SWSINVHO3IN

76




08/01 aam

L 1

o9V

A$

t6 ! o6 ! e I e T 18 |

Ad

H3IN3D HOHY3SIH ATNONV

31ISOdNOD-€ MSVL
(MN 37713.1Lva)
SAOTIV 38-T MSVL

SOITIVLIWYHILNI B
SAOTTIV I1-1 XSVl

SILISOdINOD TV ¥IL ANV IL GIOHOLNITH
ATSNONNILNOD 31VvIlHAVYd OL S3ANDINHOAL AlddV ¢

WNITIAHIE ANV “1V ¥IL ‘1L 40 SIVIHILYWN
3OVD 1104 3LVOIHEVYd OL SINDINHOIL AAd dO13ATA ¢

(MN 371311ve)

(AINLIHM B L1VHd)

NOILISOd3d HOdVA TVIISAHd
Ag TVIHILVYIN 133HS 3OVYO 1104 40 NOILYIIHavd

77




68/01 dOM H3INID HOHYISAH AFTONV]
(ALIIGISVY3a4d)
C ) Il 3SVHJ
(AHVYNIWIT3Hd)
C — | 3SVHd
I 002 oSt | A$
" 16 ' o6 ' 68 ' g8 ' 18| Ad

SH3gId NO SONILVYOD JITTVLIW HIAVIILINN -
SNOILOVH31N] SNOIH31313d IAZINININ o

78

JUNSSIHd NOILYAITOSNOD MOT -
SAIV NOILYQITOSNOD ISVHd ainoil -
SHIAMOd IV'IL & QNV Z- > Q3IaNde -
JOVAVA UTEIT aONY o

(H31N3ID FONTIDS TTIMMIOO0H)

H3IAMOd A3anN3 19 DNISN STLISOdINOD XIHELYI
JAININNTY WNINVLIL 40 NOILVAITOSNOD 1034Id

‘l!



68/01 GOM H3IN30 HOHVIS3H AFT1ONV]

L — d013A3A Z-ONWNY
3 00S 0002 0s2L | MN$
6 ' o6 | 68 ' 8 | 28 | Ad

SS3dd OJILVISOSH 1OH -

INIWSSIASSY dN-TT1VIS ¢ SS3Hd LOH WNNOVA -

NOILVGITOSNOD ¢
SISATVNV 1VOILIHOIHL ¢ R

AVHdS 109 -

SILISOJNOD - AVHJS VIWNSV1d -

sy3gid g3LvoD - H3IAMOd 103dId -
su3gid - INTWJOdTIAIA WHO43Hd ¢
NOLLVNIVAI/LSIL o ALITIGILYAWOD XIHLYIW/ONILYOO/HIEId o

a3ldissvi TEIN

(SW31SAS TVIILNAVNOHAY A3IAHND0T)

INIINdOT3IA3A ¢ - DNV




68/01 8aMm HAINID HOHVIS3IH ATTONV]
_ - oL
4
(WNILHOSNOD) < L - i
(022) 0€e 144 vIS ;A%
i6 ' o6 | e ' g8 I 18 | a4
3
owvéin 0wl -
HLOYN3HLS ISA 00€ < - INIWNdOTIAZA H3gld O._<x L e
H3dld vid TN € -
FEDELA IN3IWdOT3A3a H3ald CalL ¢

(SIVIHILYIW ALIVIDAdS NOHLIX3L)

NOILISOd3d HOdVA TVIINIHO Ad
SH3dld 3HNLVHIdNIL HOIH 40 LN3NdO13A3d

—————,,




68/01 aaM HILINIO HOHVAS3H AFTONV]

L ] Il ISVHd
o6e | ¢
6 ! 06 " 68 | g8 | 18 ' Ad

AVIOINVHOIWOWHIHL -
ONISSTO0Hd NOILLYIIHEV4-1SOd ¢

ONIAOTTV TVIINVHOIN -
NOILYOlHEVd 31ISOdWOD ¢

aof 4 ‘IS) Thal’
n_o:. ONWN-34-1V
oIS IV XXX2Z

SINILSAS 37GaV1S 101a34d -
ONITIAONW TVIINTFHOOWHIHL ¢

(N 3SVYHd HIES ‘MNSW)

S3ALISOdINOD XIHLVIN TVL1IN d30HONITH
ATSNONNILNOJSIA NI SSANHODNOL 3HNLOVHA A3IAOHdNI

81




® ° Py ) ° ® ° ° ® °
68/01 8AM HAINTD HOHVY3IS3H A TONV
¢ Il ISVHJ
C— | 3SVYHd
6y | d$
6 ! o6 ' €8 | ad
| ASYHd

NI d3NId3ad STVIHILYW/AHLSINTHO/S3ISS3IO0UHd ONISN
SILISOdINOD/SIAITIAHAE FZATVYNY ‘1S3l ‘ILvIiHAVd o

82

il 3SVYHd
SIN3ALSAS FLISOdINOD IAITTAHIE TVILNILOd SNOIHVA 40
ALITEGVLS/AINGILVAINOD FHL ININHIL3A ATIVIILATVNY o

AING “1104 ‘H3IAMOd - S3AITTAHIE AHOLOVHIIH ALiHNd
HOIH 30NAd0Hd AT103HIA OL AHLSINIHO SS300Hd 3NId3a o

| 3SVHd

(H19S ‘MIWSN)

S3AAITTAH3Y ALlHNd HOIH 40 SISIHLNAS




68/01 9aAM HIINIO HOHVISIH AFTONVT
a3anNnd dSVN «
0169 (g92) IAA 909¢ ¥.0¢ M$ V101
| T
06 0S (1 HIGS) MNSW
0SY ooV 0§ (11 ‘1 Y1I9S) MNSW
0G.¢ (0z2g) 0065 0002 0S2l} a3saoon
0621 (022) 0oce 9b v 1S Ne:lvell
¥ »
0G€E (SL1) 002 0St "'NID [0S TIIMMO0H
¥ £ 3
(MN ‘31713L1vE)
09 09 AINLIHM 8 L1vHd
096 0G1 0G1} 092 17v8 - NILHVYIN
M$ IVLOL I6Ad ! 06Ad | 68Ad | 88Ad | /8 Ad

AHVINNNS DNIAGNNS
OININ - SLOVHINOD d3HOSNOdS ATTONVT

83




68/0f dam HIINIO HOHVISIH ATTONV]

ONISS3IO0Hd 8Vd4-1S0d -
S$103443 NOILVYIlHEvd -

OWI NI SaASSIHLS TVYNAIS3IH 40 NOILVNINHI13Ad AVH-X - IdA
HOIAVHIE DWW NO S103443 SS3IHILIS-ILTNN - VAN
oL ‘6 ‘9-SOS -
IViL ‘Siza ‘00LL 1L -
IL/01S 40 S3LLHIdOUd/SOILIANII NOILOVIY - YAN
€-G1-11L/0I1S 40 NOILVZIHILOVHVHI OJILSVIdOJISIA - NOLONIHSYM
ONITIAOW SS3HLS TvNAIS3Y -
ONWN 4O ONIT3IAON IJILSVYI1d-OOSIA-ONHIHL - Idd
ONILSIL ‘SOINVHOIN -
m SISATVNY SIVIHALVIN -
S3ALISOdINOD IV/ IS HOd VIHALIHO JHNLOVHA - NOSW31D

ONIN - SINVHD @3HOSNOS AT TONV

84




68/01 9am H3INID HOHV3S3Y ATF1ONV
0v9 0/2 502 S0l 09 M$ TV.LOL
I _ T T

5§ M G§ TdA

0L M GE M GE VAN
00} M 6§ M S VAN
001} M 05 M 05 "HSVM 40 N

G/ M G2 M G2 M G2 Tdg
0v2 M 0§ M 0§ M08 M09 NOSWI 1D

M$IWIOL 16Ad ' 06Ad | 68Ad T 88Ad T /8 Ad

AHVINWNNS DNIANNd
ONIN - SINVHO d3HOSNOdS AITONVY1

85




68/01 4OM H3LNID HOHVISIH ATTONVT

NOILJId3Hd 34IT/LINJNdOTIAIA T13dON @

JONVHITIOL IOVNVA/FHNLOVHL B INOILYd @

NOILYOIHEVd TINVd HOIMANVS -
ONIONOS NOISN441d A3ONVHN3 -
301LO0VHd ONINIOr ¢

86

ALITIGILYdINOD ININLILISNOD @
(40 0002 O1) NOILYNIVAI/LSIL
(TIVYNOILNIANOD) NOILVOlHaGvVd @

XHILVIN IV “1L ‘1L
SAILIAILOVY DININ 3SNOH-NI ATT1ONVT




o L . R

66/0f 9aM H3IN3O HOHVHS3H AFTONV

ONITAAOW/SJINVHOIN @

ALITIGVHNA/SSANHODNOL @

]

ONISS3IO0Hd TVOINVHOIN-ONHIHL @

~
o0

JHNLONYLS FOV4HIINI @ SISVHdINS

ONISVY3HO3d
AHISINGHO AOTTV @

v/ Mois ‘9o18
SIILIAILOY OWIN 3SNOH-NI ASTONVT




66/0t 8aM HILINIO HOUVISIH AF1ONV]

SIS3HILSAH NNWININ HO4 ODNISS3O0Hd -
SINIW3IHNSVIAN 310 -
S31LH3d0Hd TVNAIS3IH/ONITOAD TVINHIHL -

88

ICHO ‘09MZ ‘L6Zv/00Ld +JANgd 9id. 1909/00td

IV/OIN ° IV/4D
SAILIAILOVY DININ ISNOH-NI AFTONV




68/01 9aM HIINIO HOHV3IS3H AJTONVT

SdN %

"A”H3S TAID

ANd S ANd S H3IMOdNVIN
GEEL G8.L1 M$ 1violL

G9. otct S1OVHLNOD

0L¢ S0¢ SLNVHO

00t 0S¢e 3dSNOH-NI

06Ad | 68Ad |

AHVYINIANS DNIANND ONIN ATTONVT




L o ¢ o e ® o o e

68/01 gam HIAINIO HOUVIASIH AFTONV

LHOIIM LHOIT HOd LNV.LHOdWI - SADVO NIHL

-dINSdNd 349 ATNOHS - NOILVYIIHEVYd JLVNHILTVY

NOILN3LLY SA33N - ONINIOFr/ONIN3LSV

INV1HOdWI 38 a1N0J - SAAITTHIa/SAOTV 924

SS300NS DININ OL TVIILIHO - LNJWNdOT3A3A H3gald

S3ILINNLHOddO M3N

90




ENCLOSURE 8

DOD/AF TITLE III

Mr. Bill Johnson (DPA) briefly discussed two current Title III contracts. One of
these is for ~$22 million with DWA as the prime contractor and ALCOA as the
subcontractor. The other has ACMC as prime contractor and Allied as the subcontractor,
and is for ~$11 million. Both involve the production of high- and moderate-strength
discontinuous reinforced aluminum matrix composites. A third $8 million contract with
Amoco is for high-modulus carbon fibers.
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SECTION B

METAL MATRIX COMPOSITES--
SYSTEMS TRANSITIONS/APPLICATIONS

93




SECTION B

METAL MATRIX COMPOSITES--
SYSTEMS TRANSITIONS/APPLICATIONS

Note: In this section the data given by the presenters are summarized primarily by
the attached copies of the viewgraphs which were shown on the second day (6 October
1989) of the DoD Metal Matrix Composites Steering Committee meeting. The presenters
and their topics were as follows:

Presenter Topic
William Davis, KETEMA "SDS Spacecraft Materials Evaluation Program"
S. Knight, SA-ALC "Advanced Metals and Ceramics TAPM"
A. Bertram, NSWC "Reproducible Gr/Al Materials for SDI Applications”
V. Johnson, WRDC "Advanced Metallic Structures”
F. Traceski, DoD "Specification Developments for Metal Matrix Composites”
D. Crafts, Treasury” "Foreign Buyouts"
William McNamara, Kaman "The MMC Numerical Data Base"

T. Pojeta, OSD-R&AT, Tempo "DoD Materials and Structures SBIR"

J. Foltz, NSWC "Advanced Composites for the Trident Guidance System”
and Lightweight Torpedo Shells”
M. Rigdon, IDA "The Metal Matrix Composites Question"
No viewgraphs.
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SDS SPACECRAFT MATERIALS EVALUATION PROGRAM

William E. Davis of the Composite Materials Division of KETEMA Inc., in
discussing the Spacecraft Materials Evaluation Program, covered the technical issues
involved, the key consideration for advanced materials, the data and information needs for
spacecraft designers, and the program objectives. Also, his firm has recently evolved a
Materials Selection Guide or handbook. This information is summarized in the attached
copies of the viewgraphs utilized in Mr. Davis' presentation.
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ADVANCED METALS AND CERAMICS, TAPM

In the topic, Advanced Metals and Ceramics, Steven Knight (SA-ALC/MMETE,
Kelly AFB, Texas) discussed the application of advanced materials to repair problems, and
technology transfer approaches for utilizing technology now being developed. Mr. Knight
mentioned that Texas University at Austin has made a videotape of a metal matrix
composite study course, which is available now to this (MMC) meeting's attendees. It can
be requested by contacting him (Knight). Charted information taken from his talk is
appended.
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REPRODUCIBLE GR/AL MATERIALS FOR SDI
APPLICATIONS

The topic, Reproducible Gr/Al Materials for SDI Applications, presented by
Albert L. Bertram (NSWC), related to the Lockheed program on these materials. Copies of
several of the viewgraphs used by Mr. Bertram in his presentation are included here.
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ADVANCED METALLIC STRUCTURES

Copies of viewgraphs used by Verner Johnson (WRDC) in his talk on Advanced
Metallic Structures such as metal matrix composites for aircraft tail assemblies are
reproduced. It was mentioned that in the work being carried out there was a need for MIL
HANDBOOK 5 data which has not been available.
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Billet Size Capacity

Ib/year capacity

92 06
e78
600 800

(1]

89
28
400

COMPANY
ACMC
OWA

80-100,000 260,000

o8...
170,000 Expandable

0,000
36,000

company
ACMC
DWA
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SPECIFICATION DEVELOPMENT FOR
METAL MATRIX COMPOSITES

Mr. Frank T. Traceski (Defense Quality and Standardization Office) discussed the
specification developments for metal matrix composites. A summary position paper on this
topic, which was distributed to the meeting attendees, is attached.
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Department of Defense
Metal Matrix Composites Steering Committee

Meeting of October 6, 1989

Mr. Frank T. Traceski
Defense Quality and Standardization Office
5203 Leesburg Pike (Suite 1403)
Falls Church, Virginia 22041-3466

(703) 756-2343 or AV 289-2343

Specification Developments for Metal Matrix Composites

The Defense Quality and Standardization Office (DQSOQ) oversees the implementation of the Department of
Defense Standardization Program Plan for Composites Technology. This program plan encompasses the
development of specifications for metal matrix composites. The U.S. Army Materials Technology
Laboratory is the Lead Standardization Activity for this area.

The two primary military specifications currently under development for metal matrix composites are as
follows:

1. MIL-M-XXXXX, Carbon (graphite) reinforced aluminum (Gr/Al) metal matrix composites
2. MIL-M-XXXXX, Silicon carbide reinforced magnesium (Si/Mg) metal matrix composites
Both of these specifications are being prepared by the U.S. Army Materials Technology Laboratory.

The development of the Gr/Al MMC specification was initiated at the MMC workshop in March 1989.
Several drafts have been prepared and coordinated with the services and the aerospace industry. Substantial
feedback has been obtained from the Navy and Air Force, material suppliers, and others. The Gr/Al MMC
specification is divided into four principal parts. The draft specification includes a general part which covers
requirements for testing and quality assurance. Three other parts, designated as detail specifications, specify
requirements for carbon fiber reinforced aluminum metal matrix composites for : (1) electronic modules for
heat sinks, (2) space radiators, and (3) tubing for space trusses. The next draft will be sent out for
coordination in October. The planned completion date for publication is May 15, 1990. Point of contact is
Mr. Michael Castro (Army-MTL) at (617) 923-5567.

A specification for silicon carbide reinforced magnesium metal matrix composites is also being prepared
by the U.S. Army Materials Technology Laboratory. Ongoing work includes mechanical property testing and
physical examination of microstructures. A first draft is being prepared. Mr. Perry Smoot at the
Army-MTL is the point of contact, (617) 923-5289. The SiC/Mg material covered by this specification is
intended for ballistic applications or structural applications where specific modulus is critical. Specification
requirements for tolerances on reinforcement, heat treatment, porosity, and ultrasomic nondestructive
testing will be studied as part of this project. Target completion date is October 1990.
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The Department of Defense standardization program plan for composites also calls for development of a
new military handbook for metal maurix composites. The purpose of this longer-term project is to provide
standardized material property data for engineering design of MMC applications. At this time a strategy
needs to be developed between various DoD components, in particular the Army and Air Force, to prepare
and coordinate an outline of contents for the new handbook. Overlap with ongoing MIL-HDBK-S needs to
be resolved.

There are many other metal matrix composite materials for which specifications need to be developed.
The DoD strategy is to prepare individual material and processing specifications for each specific material
fiber reinforcement/metal matrix combination (e.g., Gr/Al, SiC/Al, etc.). Variations in fiber content, alloy
compositions, or other variables can be handled in separate detail specifications. Development of these
specifications is necessary to promote the development and use of these materials in DoD aerospace
applications where the attributes of MMCs can be exploited.
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FOREIGN BUYOUTS

Donald Crafts of the U.S. Department of the Treasury (Office of International
Investment) spoke on the subject of Foreign Buyouts of U.S. companies. In this he
allowed that U.S. policy has always welcomed foreign investment in this country since its
founding in 1776. Such foreign investment is only precluded if it is deemed to be
inamicable to U.S. national security. It is restricted also when it related to nuclear energy,
and graded in restriction to 25 percent investment in domestic airlines, 25 percent in
domestic shipping, and 20 percent of telecommunication industries.

In summary, Mr. Crafts stated that:
+  The U.S. essentially maintains an open investment policy.
» The U.S. consumes more than it produces. Hence, we must import capital.

 The U.S. is being challenged economically by Japan now and will be
challenged by Europe in the future when the 12 European nations eliminate
their national boundaries for economic reasons.
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THE MMC NUMERICAL DATABASE

Mr. William McNamara (Kaman-Tempo, Santa Barbara, CA) gave an overview
talk on the work of the MMC Numerical Data Base now in progress at the MMC/AC
activity in Santa Barbara, CA, where they are using DataBase 4. He recommended that
program managers should keep in contact with him regarding a MMC data ba:¢ tcrmat that
can be incorporated into their CDRLs. The work has been sponsored by Marlin Kinna

(ONT).
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DOD MATERIALS AND STRUCTURES SBIR

Mr. Tom Pojeta of the Defense Technology Assistance Office (OSD-R&AT
DLA-DTAQO) discussed his work in analyzing the SBIR data compiled for the years 1983-
1986 relative to the overall SBIR materials and structures programs including MMCs. The
participating contractors were cited. Pertinent charts reflecting this information are attached
herein.
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MATERIALS AND STRUCTURES SBIR
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DOD MATERIALS AND STRUCTURES SBIR
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DOD MATERIALS AND STRUCTURES SBIR
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ADVANCED COMPOSITES FOR THE TRIDENT GUIDANCE
SYSTEM AND LIGHTWEIGHT TORPEDO SHELLS

John V. Foltz (NSWC) gave a status summary on the work involved in the
application of advanced composites for the Trident Guidance System. Work was also
discussed relative to lightweight torpedo shells. Copies of the viewgraphs on both of these
areas are appended.

177




REENTRY
VEHICLE
COMPONENTS

GUIDANCE
SYSTEM

LAUNCH
VEHICLE
COMPONENTS

STRATEGIC MISSILE MMC CANDIDATE APPLICATIONS

179




(v) SUINOD
ANINOWOD TVLLEANI

HAGNS/HRLVAM

WAWID TI8VLS __—— VA9 2i8MLS

(Z) SHOLJIANMOD
0VIN3LN)

SUILHNOBIIINIV NOLLVYEIA —

AT8NASSY
Y0133130 VyIWyI

HOLIINNOD ONWY, dINS

(8) SAVHL
SAANO®LIAT]

SOINOHLIATE —

IHSiaM JONYIVE ——

A19N3SSY Tvamie 31avis 8 W )

180




TR ad w

aTae rs. -y v

e T T T T,
g
M P A

A R




IV/D1S O/A O SI TVIHILVIN INITISVE - SHIAOD LINJWNNYISNI @

IV/O!S O/A O 40 3SN
FHNLNA FHL NO ONIGN3d SINOISIDIA V - T1IHS SOINOYHLDI3 @

QIHSITIYVLST [V/IIS
O/A 0€ NO 3SVE VYiVa FAISNIAHIYINOD V - MIGWIN J18VIS @

SINIANOJWOD WILSAS
JONVAIND LINN INFNTUASVIN TVILYAANI | LINIQIHL

82

—




SUMNVL 13Nd 91 -GL0.VV
HO4 31Nn11LS9NS HL1d3a 4343340 SV NOILVNIVAI HO4 L3314
0Q3dHOL LHOIIMLIHDIT OSON Ol G3NOILISNVHL 38 T1IM

WVYHOOUd DNINNIAS HVIHS HOILNVIAN NO d3.1vOlidgvd ONI3Sg
SUNVL 13Nd LHOHS 043dHOL LHODIFMLHODIT 9% M J3HHL

ST13HS 0Od3dHOL LHODIIMIHOI

183




‘SW3T1904Hd LHODIIM SNOIH3IS 'WILSAS NOISTNdOHd Sd30S
HLIM dvOaVv 8¢ M SI 370IH3A NOILONAOYHd A3L3ODHVL »

'SONIAVS LHOIIM
HLIM LNg INIT3svEa IL HLIM FONVINHO4H3d TvNO3 SI TVOD o

"031NV ANV ‘Avda 8049vd
‘al ‘37171340 AN3d IMVT LV SNNY HILVM NI HL1IM
SITOIHIA HOHVIS3IYH OSNN NO NOILVNTVAI ONIODHIANN o

'SIW3LSAS NV3IOO0 ISNOHONILSIM - HOLOVHLINOOD INIHd
H3IONASNVYHLl IHL A9 A3T19W3ISSV N334 JAVH SAVHHY JHL o

0Q3ddOl 1HODIIMAAVIH HO4 31V71d AvddY ODNIN
SNOILISNVHL TVILN310d

184




‘HOLOVHLNOO JNIHd SI ANVHLISANNS "S3ILININ-AIN
NI dvOaVv 8¢ YN 40 AOW SdVOO HO4 31vad OO0l o

‘NOILVNTIVAZ HOd OSNN Ol ad3inddns

39 77IM S1HVd dvOaVv 3031d INO IIFHHL “IN48SS30ONS Ui

NVHOOHd DNINNIAS HVIHS HOJLNVIW AAVN HO4 d3d0O13A3A
ONIFE NOIS3A J1V1d AvHHV/3SON 303Id ANO TTVILN31Od »

"OSNN ANV (3771340 AN3d 3INV)

NIVLiHE WOHd S3TOIH3IA HOHVIS3IY 40 3SN 3344 A9 HOAVH

SMO0149 NI d3OVHIAIT ATHOIH S1S0OO "OSNN 1V 1HOddNS

TVOINHOIL ANV SAVHHY d379W3SSY ‘STVIHILV HOd “M00S
AT31IVINIXOHddV SI 31vad O1L NVHDOHd X009 OL 1SOD TTVLOL o

0Od3ddOl 1HODIIMAAVIH HO4 31V1d AvddVY ONIN
SNOILISNVHLl 1VILN3IL1Od

185




Sd¥o)
1T L¥Qpoy, C ANKRRLLSANIS  ae— JQUDVALNG) BHIES

AW SrRLY NNV Avaay 0Q3addQ [
DraDZng  ISHOHONILS ) doo o) -eng

WO NUNITINg SFHPAH o«  BHALNG)  BNIAS

ot S

Lo ‘oamay “osay T NOS _LNIBY WOIINHED
(Yaoren) VouLIglnda{f

Y WISI  2O0f SWL T UWDy WHEDo%) TWIIAQ

186




THE METAL MATRIX QUESTION

Dr. Michael Rigdon of IDA presented a brief discussion of the status of metal
matrix composite commercialization. He concluded there is no commercial market at the
present and that MMC suppliers (particularly the continuous fiber MMCs) are primarily in
the R&D business. Mention was made of the FMI "Technology Sustaining Proposal” that
had been presented to SDIO and possibly others; the proposal implies that FMI might have
to abandon the MMC business unless they obtain DoD support. Dr. Rigdon also posed the
question of whether or not DoD needs these producers and outlined some options for
keeping them around. Dr. Rigdon concluded by stating that the best option may be to help
these small producers develop a commercial product that might not be of immediate interest
to DoD. Subsequent discussion did not result in any consensus on what, if anything,
should be done.
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SECTION C

CONCLUSIONS AND ACTION ITEMS
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SECTION C

CONCLUSIONS AND ACTION ITEMS

A. CONCLUSIONS

It was agreed in principle by the meering attendees that:

While meetings such as the 5-6 October 1989 meeting are useful as a forum for
MMC discussions and the interchange of information, it is unnecessary to hold
these convocations more than once a year.

MMC Technology Conferences (e.g., the Monterey Conference) have
dwindled significantly in attendance. Because of this lack of interest and the
fact that the conferences are relatively expensive to convene, it was agreed that
the monies being spent to hold such conferences be used for other purposes.

B. ACTION ITEMS

_ The following items were deemed necessary for appropriate action:

At the next MMC meeting (1990--specific month and day to be determined) an
ITAR briefing will be given by a member of the U.S. Department of State.
Also, since the consortium approach appears to be possible to employ in
development programs, it may be advisable to invite an individual from the
U.S. Department of Commerce to speak at the next meeting on the problems
that may be involved in this approach.

Frank Traceski (Defense Quality and Standardization Office) and Bill Johnson
(Tide II office) are to work together to include MIL-M-46196 (SiC/Al) in the
TITLE I Procurement.

Program Managers are to keep in contact with Bill McNamara (Kaman-Tempo)
regarding an MMC data base format that can be incorporated into their CDRLs.

193




ANNEX

FA2 AND FAS METAL MATRIX COMPOSITE
DEVELOPMENTS
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